(Received December 6, 1989) Synopsis Single-and two-color multiphoton ionization of anthracene have been compared in n -alkane solvents.
The simultaneous action of 10-ns laser lights at 355 (UV) and 1064 nm (IR) gave a substantially larger time-integrated photocurrent signal (thus, the escape probability of a geminate cation-electron pair based on the Onsager model) as compared with that obtained when the UV light acted alone. It is suggested that the IR light acts through the geminate cation-electron pair to give its longer thermalization distance. For a solvent with higher electron mobility, escape probabilities for both photoionization methods tended to be larger but the relative increase in the escape probability by the additional action of the IR light tended to be smaller.
Introduction
Multiphoton ionization (MPI) is a unique and powerful technique for investigating the dynamics of ions and electrons in nonpolar solvents, since it can produce a cation and an electron by ionizing a solute selectively and softly at a specified region , the comparison of MPI and pulse radiolysis results is very inter esting 1). Also, this technique is promising analytically 2).
In solution, it is generally assumed that photoionization of molecules initially produces geminate cation-electron pairs, and they either recombine geminately or escape into free ions and electrons, free electrons will be rapidly captured by a solute, oxygen, or residual im purities, and will generate anions 1). The es cape probability P of ions (electrons) from geminate recombination is given first order by,
where e is the electron charge, E the electric field, k the Boltzmann constant, T the temper ature, r the initial separation distance of the ion and the electron of the geminate cation electron pair, and rc (=e2/akT, where E is the dielectric constant of the solvent) the Onsager redius 3).
Most of MPI researches are based on single color laser excitation.
On the other hand, MPI with the use of two-color laser lights is a relatively new technique photophysically 1, 4) and is very useful analytically 5), although mechanistic studies have not yet been made in detail. In recent MPI of aromatic molecules in n-alkane solvents, the simultaneous action of UV and IR 10-ns laser lights at room temperature enhanced the peak intensity of the photocurrent signal as compared with that obtained when the UV light acted alone; the results suggested that the IR light excited the geminate cation-electron pair rather than an excited neutral parent molecule produced by absorption of two UV photons 3). However, the peak intensity of the photocurrent signal is attributed mainly to formation and decay pro cesses of the geminate cation-electron pair and depends both on the mobility of an electron and on the quantum yield of the geminate cation-electron pair; it does not give the escape probability (Eq. 1). The total charge or the time-integrated photocurrent should be meas ured in order to evaluate the escape probability and to elucidate such IR-assisted photocurrent increase in the framework of the Onsager model; it is also important for extending analytical applications of this two-color MPI technique.
In this case the number of charge carriers should be kept extremely low (at most in a few tenths of picoamperes) in order to avoid possible interionic recombination of cati ons and anions produced by escaping geminate recombination in the laser irradiation region [6] [7] [8] .
From these viewpoints, very weak timeintegrated photocurrent signals induced by two-color (UV +IR) and single-color (UV) MPI of anthracene were measured in n-alkane solvents, in order to evaluate the escape pro bability and compare the characteristics of the two MPI methods in the framework of the Onsager model.
Experimental
The experimental apparatus with UV (355 nm) and IR (1064 nm) laser excitation (Fig. 1) is similar with the previous one).
The fun damental and the third harmonic radiation of a Nd:YAG laser (Quantel YG 580 A, pulse duration 10 ns) were used as IR and UV light sources, respectively, at a repetition rate of 5 Hz. Both UV and IR laser beams (diameter 3.5 mm) were combined collinearly by a di chroic mirror D. They were focused by a 
Results and Discussion
The simultaneous action of the UV and the IR lights generated a larger time-integrated photocurrent signal, i (UV+IR), than that ob tained when the UV light acted alone, i (UV), as typically shown in Fig. 2 . Neitner the sample solution nor the solvent showed no appreciable photocurrent signals when the IR light acted alone. With decreasing the chain length of the n-alkane solvent, i (UV) increased more rapidly than i (UV+ IR).
Plots of the photocurrent signal against the electric field E yielded a straight line in both MPI methods; typical results in n-hexane and n-decane are shown in Fig.  3 . where io corresponds to the intercept value in Fig. 3 and to the number of free ions gener ated at E=0. As shown in Fig. 4 , the values of io (UV+IR) as well as io (UV) were larger for higher elec tron mobility of the n-alkane solvent obtained from pulse radiolysis 10). The implies that the thermalization length tends to be larger for higher electron mobility of the n-alkane solvent in both MPI methods. In addition, io (UV+IR) was larger than io (UV) in each solvent (Fig.  2) , and the slope of the logarithmic plots of i (UV+IR) versus T-1 was negatively smaller than that in the case of i (UV) versus T-111). These aspects indicate that the additional action of the IR light gives a larger thermalization distance of the geminate cation-electron pair than that in the case of the UV light alone.
On the other hand, the relative increase in the photocurrent signal at E=0,__??__io/io (UV)= (UV+IR)-io(UV)}/i0(UV), increased steeply with decreasing the electron mobility, while tended to become larger (Fig. 2) . These aspects suggest that__??__io/io (UV) corresponds to the relative efficiency of photoexcitation of the geminate cation-electron pair by the IR light; it was substantially affected by the electron mobility, probably because the time for re combination (or secape into free ions) of the geminate cation-electron pair must be longer and the thermalization distance of the geminate cation-electron pair would be shorter for lower electron mobility of the n-alkane solvent.
The present study was partially supported by a Grant-in-Aid for Encouragement of Young Scientists (No. 01750725) from the Ministry of Education of Japan.
